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deling effort is the modular, three-dimensional finite-

o=

difference groundwater flow program of the U.S. Geological Survey (USGS) commonly referred

to as MODIFLOW (McDonald and Harbaugh, 1988).

The main criteria used for selection of MODFLOW for this project are:

1. The selected modeling code should be able to incorporate key hydrogeologic processes and
accurately represent conditions known to occur at the site.

2. The selected modeling code should be able to satisfy the objectives of this study.

3. The selected modeling code should be verified using published equations and solutions.

-1 should be complete and well-documented and preferably available in the

5. The selected modeling code should be practical and cost-effective in terms of actual
applications as well as resolution of uncertaint
The MODFLOW modeling code was selected ba\u d on each of the above criteria, given the

Atwated porous media)

o

('S

omp]

o




application of MODFLOW to this modeling effort. The structure and character of the

IODFLOW input and output data sets provide for sufficient means for standard sensitivity

=

The Building 371 stimulations t L required MODFLOW modules for basic model
input (subreutine BAST) and conductance term calculation {subroutine BCE1). The stzon.ﬂy

o

implicit procedure solver (subroutine SIP1) was used to solve the matrix of equations generated
by the finite-difference approximations (McDonald and Harbaugh, 1988). The opuonal output

"

control module was also used to provide betier control of the format and frequency of the output

s

the simulation

generated by

7(4

liscussed above, the recharge package (subroutine RCHIAL) and the

,_J

NTAL) were used in this modeling exercise (McDonald and

arge package was included because areal recharge through

yrecipitation 1s an important factor in ground-water flow at

This section discusses the implementation of the ground-water flow simulation cede for use In

1involves developing |

in the area around

e fi
Ll LAY

n the vigin

1© simulation a LL;‘I““‘,



simulation code. The temporal domain is the time throughout which the water levels are
computed.

The model covers an areal extent that includes the northwest corner of the Industrial Area and

includes all of Building 371. The model grid covers 600 feet by 940 feet (2 total area of 564,000

oy
ft2). The model grid is oriented with the rows aligned along the east-west direction and the

columns aiig -d along the north-south direction. The grid is implemented with a node spacing

~

of 20 feet. A uniform grid spacing was utilized to increase the computational efficiency of the

M
fu

simulations. Figures 4 and 5 present the model grids for the upper and lower 1:1}'6}8 of the
simulations, including boundary conditions.

The model has two layers, representing the alluvium (top layer) and the weathered clayvstone
(bottom layer). The upper layer is simulated as an uncontined layer with the lower layer

/

simulated as an unconfined/confined layver. An unconfined/confined laver is modeled as a

contined layer provided the water levels in the laver are above the top of the layer. Once the

simulated water levels drop below the top of the laver, it is simulated as an unconfined system.

wted as an unconfined/contined laver because MODFLOW only

The lower layer wa

allows the top layer to be designated as unconfined.
The total dimensions of the grid were determined by adding a distance of influence to the
dimensions of the building. The distance of influence is the distance from the drain to a point

oAt e the dvain Thic dictanes wwac caleilatead neine a rasdine of
where there 1s no drawdown from the drain. This distance was calculated using a radius of

chaique for a pumiping well contaired in Harlan and others (1989).

influence estimanion ©

tion of this model involved simulations in

was run to obtain a gro

- T

: ‘
ainage system. Thisc as the initial water
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available values was used as the hydraulic conductivity for the model. These values are 0.44

feet/day for the Rocky Flats Alluvium and 0.06 feet/day for the weathered claystone bedrock.

1
1L

MODFLOW uses values of specific vield to determine the head change in a cell based on the
volumetric water fiux into and out of the cell. Although estimates of specific yield are available
from some of the mult-well pumping tests conducted at REETS, these values are somewhat

problematic. Because of the unce "taintjv of these values, representative values of 0.1 and 0.03

were adopted for the specific vield for the alluvium and claystone, respectively. These values
consistent with that estimated by Hurr (1976) and lies within the range of values expected for the
type of geologic materials being considered (clay, silt. and sand) (Anderson and '\'oessner,
1992

4.4.3 Areal Kecharge

[his model uses a net recharge approach in ulatmg recharge from precipitation. Previous

P ; [P ; ~ 1
107+ i‘eet,"dﬁy). ['his value for recharge was apghm >venly over the surface of the me asi, except

he footprint of the ’uuﬂding or the transient model.
tl

nost laver of the modsl, simulating percolation of water

; ;
S =N + -
¢ bottem ¢




or which the head does

the sirnulation. The edges of the model were set up as constant heads with a value of 6007 feet,

The outer boundaries of the mode! (at which the cells are constant head cells) were locared at

oy

such a distance from the Building 371 drainage system that the influence of the boundary

conditions should be minimal.

The basic configuration of the two drain systems is preserved, but is simplified to fit within the

aints of a rqctamgu’;ar gridded representation. The sub-basement drains have been assignec

3

ing the head loss between the drain and undisturbed water levels, was set at a relatively

(6.0 f/day). This large value represents the drain filter material and the degree of

connection of the drain to the surrounding formation. A large value of ay was selected

rror 1o obtain water levels in drain cells that are ap

drain cell. The drain cells were not used 1n the iransient simulation, since the

ions. Figures 4 and 5 show the various boundary conditions used in

3967 feet and the basement drains an elevation of 5987 feet. A conductance tern

]

1,



were allowed to recover until the -y reached the value of the initial steady state water level (6007

bty

eet).

Since the model did not attempt to simulate an extremely detailed and realistic model of the area
around Building 371, no calibration was necessary to match observed water levels. The goal of
this modeling effort was to provide water level recovery rates using representative values of
hydraulic parameters. However, some parameters were modified to produce a valid
representation of the hydrogeology in the vicinity of Building 371. The time step length was
modified to obtain a mass balanced model. Calibration was, however, performed in the value of
the drain conductance term. The terim was varied in order to obtain water levels in drain cells at
the approximate elevation of the drain cells.

6.0 MODELING RESULTS

Initially, a steady state model was run to obtain the subsurface flow field as affected by the
drainage svstem of Building 371. Using these drain-affected water levels as the initial ground-
water flow field, a transient simulation was performed. This transient simulation allowed water
levels to rise with time. The modeling results show that the time for water levels to recover to

static fevel for both layers is less than 3 vears, using representative hydrogeologic parameter

i is

rodel was run to obtain the inital draln-modified water levels for the transient
i et arar (avela 11 avar 1 oano Fro Scantanr 1

recovery model. Profiles of the drain-eficcted water levels in layer 1 and 2 are presented in

line of the modeal (row 16) and show

(IR TE DU S N Tl o] RN L ST AN £ N 2
the drawdown induced by the drain svstem on the static water level of 6007 feet. Maps of

wains two layvers.



i

HExamination of these plots reveals that the initial water level recovery, as expected, proceeds at

1

n initially rapid rate and decreases with time. Within the Tirst vear, the water level recovers

14.01 feet and 31.58 feet for layers 1 and 2, respectively. One month after drain failure, wate

levels have risen 1.93 feetin layer 1 and 6.04 feet in layer 2. Figure 13 presents the water level

recovery during the first year in layers | and 2 for the central node along the northern edge of the

1 *1.12 =
building.

Water levels for layer 1 (outside of the central inactive zone simulating the building excavation)

P

are somewhat similar to those of layer 2. This is to be expected since both layers simulate a

e

single hyvdrogeologic system. Layer 2 water levels are lower than those of layer 1, indicating a
slight downward gradient throughout most of the recovery time

6.3 Sensitivity Analysis

From the modeling results, it became obvious that the time for water level recovery may be
controlied by the clavstone. Because of this a sensizivity analysis was perfo.rmed in which the
hydraulic conductivity value of the claystone was varied. The recovery time for these sensitivity

1

wi1s were compared to that of the base case.

tv analysis runs were made by modification of the hydraulic conductivity value of

the claystone. The hydraulic conductivity value for the claystone was changed to 0,12 ft/day and

conductivit

ther

mem

Y A Ons
H ;.01“1\/

CoOMmpuUianona

approacn calt




&

replaces the primary and secondary porosity and hydraulic conductivity with effective hydraulic

milar to that displayed by fractured media

S1
21

[#2]
—

parameter values which produce a flow pattern

Fong.

(Anderson and Woessner, 1992).

7.0 SUNMMARY AND CONCLUSION

Using representative hydrogeologic parameters, a steady state and transient model was
constructed to simulate the drainage system of Building 371 and the effects of a catastrophic
failure of this drainage system from an adjacent seismic event. The steady state model was run
to obtain initial water levels for the transient run and included the effects of the drainage system
on the ground-water flow field. A transient model was run without the drains, to simulate th
recovery of the water levels 1o static conditions after a catastrophic drain failure.

Results indicate that it would take less than 3 vears for complete recovery of the water Jevel
conditions to static conditions, with 14.01 feet of recovery for layer 1 and 31.58 feet of recover
for laver 2 within the first year after drain failure. Water level recovery rates are relatively rapid
initially and decrease with time.

Sensitivity analyses indicate that the time for water level recovery does not appear to be greatly

L1 H S

h_\'dz‘au}ic conductivity of the claystone, Increasing the value of the claystone’s
hyvdraulic conductivity does not significantly decrease the time for water level recovery.

he clavstone's hvdraulic conductivity. however. does in ae the ametiet oF
ne claysione s aydarauad conauctivily, AOwWever, dods merease e amount o

reCOVary Quring a given time D"[K'd,

are v
LSS R\
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